Normal modes of one-dimensional disordered chains with two couplings, one of them assigned at random to pairs in an otherwise perfect chain, are investigated. We diagonalize the dynamical matrix to And the normal modes and to study their spatial extent. Multifractal analysis is used to discern clearly the localized or delocalized character of vibrations. In constrast to the general viewpoint that all normal modes in one dimensional random chains are localized, we And a set of extended modes close to a critical frequency, whose number increases with the system size and becomes independent of the defect concentration.
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In his famous paper on vibrations of glasslike disordered chains,~Dean stated that when disorder (in any form) exists in a system the lattice modes are localized. Since Dean's paper was published, it has been claimed that unless the chain is ordered, or unless w = 0, all vibrational modes are localized in one dimension. Later on, in analogy to previous works concerning related vibrational problems, some authors conjectured that electrons in one-dimensional disordered lattices are also localized. Fig. 2(a) , where the IPR for a chain with the same parameters as in Fig. 1 Fig. 2(b) . One can observe a deep minimum of the IPR around the critical value A, while this minimum is completely absent in ordinary random chains. Interestingly, the values of the IPR at that frequency are similar to those at A 0, which so far were believed to be the only ones that could exhibit delocalization properties. Moreover, the inset of Fig. 2(a) Fig. 3 The logarithms are to base 10.
approaching A, suggesting that vibrations become more and more delocalized. This is a crucial point because it supports that these are main features of our model irrespective of the particular realization of the disorder. In summary, we have studied a one-dimensional disordered chain which, in contrast to the generally accepted viewpoint, presents a set of delocalized states close to a critical frequency. The number of such extended states roughly grows with the squared root of the system size. We have shown that correlation in coupling between atoms -foreign springs appear in pairs -leads to a cjta8-8ical resonance effect which allows for such extended vibrations. In our studies, not reported here, we also found that if correlation is introduced in the masses rather that in the couplings -foreign masses appear in pairs -the same resonance effect occurs yielding delocalized vibrations. On the other side, it is clear that the main influence of these states concern transport properties of phonons. Accordingly, when computing the contribution of different modes to the thermal conductivity, as defined in Ref. 12 we have observed a drastic enhancement around the critical frequency. Work currently in progress regarding these topics will be reported elsewhere.
